CO dissociation in cytochrome c peroxidase: site-directed mutagenesis shows that distal Arg 48 influences CO dissociation rates.
To investigate the molecular basis for the 100-fold slower rate of CO dissociation in ferrous peroxidases relative to myoglobin, CO dissociation rates were measured as a function of pH in the cloned cytochrome c peroxidase from yeast [CCP(MI)] and in several mutants in the heme binding pocket prepared by site-directed mutagenesis. The mutants included Asp 235----Asn; Arg 48----Lys, Leu; and His 181----Gly. Changes in the absorption spectrum with pH are consistent with conversion of the CO-ferrous CCP(MI) complex from acidic to alkaline forms by a two-proton cooperative ionization, with an apparent pKa = 7.6, analogous to that described for CCP from bakers' yeast [Iizuka, T., Makino, R., Ishimura, Y., & Yonetani, T. (1985) J. Biol. Chem. 260, 1407-1412]. The rate of CO dissociation (koff) was increased 11-fold (from 0.7 x 10(-4) to 8.0 x 10(-4) s-1) by conversion of the acidic to the alkaline form. Analogous acidic and alkaline forms of the CO complex were also observed in the mutants of CCP(MI) examined here. In the acidic form, koff was increased 5- and 20-fold when Arg 48 was replaced with Lys and Leu, respectively, while in the acidic form of mutants that possess Arg 48, koff was similar to that observed in CCP(MI). Conversion of the CO complex from the acidic to alkaline form increased koff in all the mutants, and the pH-dependent increase in koff correlated with a two-proton cooperative ionization, except in the case of His 181----Gly. In this mutant, pH-dependent increase in koff correlated with a single-proton ionization, implicating His 181 as one of the two residues that is deprotonated in the conversion of CO-ferrous CCP(MI) from acidic to alkaline forms. Only a 2.5-fold variation was observed for koff between the alkaline form of CCP(MI) and the Arg 48----Leu mutant, suggesting that the influence of Arg 48 on the rate of CO dissociation is decreased in the alkaline form by a conformational change.(ABSTRACT TRUNCATED AT 400 WORDS)